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ABSTRACT.  ^ O t i-c r  -M uller counter, u sing an ex te rn a lly  coalefl p y rcx  envelope, i s  
reported as possessing a plateau of nioie than 1600 volts. Some other properties of th is 
counter are alsri described, together w ith a tentative explanatiuii c>f its characteristics#
1 N T R O I> U C T I C) N
The couctci, being one of the most sensitive detectors of
radiation, is needed in many branches of scientific research. In view of this, 
vat ions attempts have been made in the past to improv’e the technique of 
production, so that a large number of reliable counters can be easily and 
cheaply made available to scientific workers.
Rochester and Janossy (1943) reported preparation of counters which had 
not been chemically treated and which were quite efficient for coincidence 
work. In order to obtain a better geometry, all-metal counters have been 
widely reported (Korff, 1943 ; Neher, 1946 ; Regener, 1947) but they involve 
many technical problems. Internal coating of glass lubes by copper eva­
poration method has been practised in some laboratories (De Vos and Du Toil, 
1945) i»“ d since It obviates the necessity of surface oxidation, it can be 
considered a definite step fot ward in the development of Geiger counter pro­
duction techniques. However, an iulernal coating of some conducting paint, 
such as commercial aquadag, is just as efficient as an evaporated layer of 
copper, and for this reason aquadag-coated' counters are at present widely 
employed. In fact, in order to make the construction still simpler. Maze 
(1946) reported the use of .soft glass with an external coating of conducting 
material. These counters were found to have a plateau of as much as 400 
volts and a slope which was less than tliat of internal cathode counters.
In this laboratory, since we were faced with the problem of manufac­
turing a large number of rugged but reliable counters under the circum­
stances that inetal tubing itself is hard to obtain, work was undertaken to 
further improve the techniques of counter production. A t first, soft glass 
tubes were coated by commercial aquadag and the G -M  counters so produced 
were found to be highly photo-active. This defect was lemoved by painting 
the entire counter with a non-conducting black paint. Further, in order 
to study the effect of the material of the counter envelope, some pyrex tubes 
were similarly prepared and they exhibited the properties mentioned below.
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Conventional G -M  counters are considered to be very satisfactory if 
they have a plateau of about 300 volts, and a slope of i to 2% per loo volts. 
In the case of externally coated pyrex G-M  counters, the threshold potential 
was found to be slightly higher than that of co;iiparabIe internal cathode 
counters, but the plateau was found to be nearly five times longer. 
In some carefully prepared tubes, the plateau turned tml  l o  be even 2 0 0 0  
volts, and it had a slope of less than 0.4% per roo volts. The chaiacterislics 
of conventional and new type of counters are shown in Fig. i and it is obvious 
that the plateau and slope of the lattedr arc superior to those of the former.
T h e plateau characteristic of an e x t e r n a l l y  coated pyrex  
c o u n te r : argon and alcohol g  and i  cm of m ercury respec­
tiv e ly , in tern al diam eter 33 m m , extern  vl diam eter 30 
mm, 7 m il central tnngster w iie , observed plateau iStx) 
volts, slope better than 0.4% per roo volts.
Threshold voltage and pulse size
As stated above, under normal operating conditions, due to the presence 
of glass between the anode and cathode, the threshold potentials of these 
counters are generally higher than those of conventional counters of similar 
dimensions and gas pressure. The threshold voltage appears to increase if 
the number of counts that have to be recorded increases. This apjiareiit 
change of threshold voltage is due to the fact that there is a decrease in 
pulse size if the rate of counting is high. This does not, however, affect 
the length and the slope of the plateau, which under the.se conditions, extend 
to higher voltages. It is obvious that when the size of the pulses diminish 
beyond the minimum amplitude necessary for operating the scaler, the 
number of counts recorded by the system goes down, and in order to restore 
counting, the applied voltage has to be increased. Fig. 2 shows the variation 
of pulse size and threshold voltage with the number of counts that have 
to be recorded. This figure shows that even when the rate of counting
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F i g . 2
The reduction in pulse size and the increm ent in threshold 
voltage observed with a scaler of 5 volts sensitivit}'. Same 
counter as used for plateau characteristic shown in Fig. i.
V o lts  
F i g . 3
The plateau characteristic of an externally coated pyrex counter 
with higher rate of counting. The counts were obtained from  a 
beta ray source, and a single tube pre-amplifier was used at the 
input of the scaler whose sensitivity w*as 5 volts. This counter was 
different from the one used for Fig. i  but its dimensions were the 
same.
l>ecoines quite hi.arh, the pulse size, instead of continuing to diminish, 
becomes more or less stabilized. As can be expected, the use of a pre­
amplifier to increase the sensitivity of the scaler brings the threshold voltage 
almost to its original value. The counter is thus capable of efficiently 
recording radiations producing up to several thousand impulses per minute. 
F ig. 3 gives a curve of the tube’s performance when the rate of counting 
is high.
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Dead time
T h e  dead tim e of the cou n ter, m easured b y  the triftecr method snguested 
by S te v e r  C1942J, w as fo u n d  to be about 3 x lo " *  sec. T h is  does not com- 
pare too u n fa v o u ra b ly  w ith dead tim es of th e  order of 2 x 1 0   ^ >ec gen erally  
reported  fo r in tern al cath od e counters, and in d icates tliat th^re is no reason 
to con sid er the n ew  co u n ter to be in h eren tly  m uch slow er than the conven­
tion al ones.
T K N  T A T r V  E T H  R Y  O F  O P  F R A T I O N
T h e  difference in tlie mode of f>peration of the externally coaled counters 
and those w h ich  have intern al cathodes can be explain ed  by putting? three 
questions, n a m ely , ( i)  W h y  does pu|se size decrease w ith .ere:iter strem^tii 
of in cid en t ra d ia tio n ?  (2) Wliy |s the slope so s n ill ? (3) Why is the
p lateau  so lon g ? In order to ansv^er these questions it i-> appropriate to 
m ention b rie fly  the d isch arge  mei^hanism and the action of the quenching- 
gas in co n ven tio n al coun ters.
W h en  an io n izin g  p article  passes th ro u gh  the count it leaves some ion 
pairs, and from  these pairs e lectron s start m oving tow ards the central wire. 
A s  th e y  proceed into  the region of intense c le c tiic  field, the en ergy of the 
electron s ra p id ly  increit^-s and they produce further ionisation by collision . 
T h is  ava lan clie  spreads ah vig  the len g th  of the w ire by photon action  and 
leaves positiv^e ions in th e  form of a sheath all round the central w ire. Due 
to the presence of th is sheath between the a n o d i and the c a th o ic , the field 
in the anode reg io n  is reduced beyond the threshold value so that no further 
ionising- e ve n t can produce anothei avalanche before the sheath has had a 
ch an ce to m ove out tow ard s the cathode b y a certain  critica l distance. T h e  
ph otons w h ich  are form ed by recom bination of a certain num ber of ions are 
absorbed b y  the q u en ch in g  p o lyatom ic gas and spurious counts are avoided.
T h e  q u e n ch in g  g a s chosen is such that its ionising potential is low er 
th an  th at of the n oble  g a s used in filling the counter. On account of this 
fact the positive ions of the noble gas pass their ionization on to the m ole­
cules of the p o lya to m ic gas. A g a in , photons released  in th is process are 
absorbed b y  the q u en ch in g  gas, and fin a lly  it is the positive ions of the 
p o lyatom ic gas th at reach th e  cathode. W h en  th is ion she ith reaches w ith in  
about lo-"' cm of the cathod e, electrons are taken out from  the latter for 
n eu tra liz in g  the ions. P hotons are not em itted  in this process because ener­
g ised  p o lyatom ic m olecules dissociate w ith in  about 10 sec. (for alcohol), 
th a t is, before th e y  can  em it photons w h ich  require about 10  ^ sec. This 
is  th e  m ost im portan t fu n ctio n  of the quen ch in g gas and is responsible for
the p lateau s in co n ven tion al counters.
In  the case o f ex tern a l cathode co u n ters the ion sheath is not able to 
approach  w ith in  10“"^  cm of the cathode and therefore, instead of being 
n eu tra lized , a good p art of it stays on the su rface  of hard glass. V e ry  soon,
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at a particular couoting rate, a balance is reached between the rate of accu­
mulation and the rate of neutralization, resulting in the stabilization of the 
surface sheet of charge. This results in the reduction of the effective voltage 
on the counter and is responsible for the extraordinarily long plateau. When 
the average rate of counting increases, the sheath becomes even more positive 
and thus reduces the size of the pulses that are transmitted to the counting 
system. It has already been e,Kplained in a previous section how this can 
be overcome either liy increasing the applied voltage or by using a pre-ampl' 
fier at the input of the scaler.
In conventional counters the plateau comes to an end when spurious 
counts increase enormously an I discharge becomis self-mrintaiuid. T h .se  
spurious counts are produced by miqueuched phot) is formjd either during 
recombination or during the process of neutralization )f the ion sheath. In 
the external cathode counters photons have to pass through a region of 
ionized polyatomic gas molecules before they can reach the glass surface. 
This increases the probability of ab.sorptiou of the photons and makes the 
slope of the plateau so small.
The idea of the formation of a surface layer is supported by other ohstr- 
vations such as ;
(1) the plateau is shorter in a freshly filled counter than in one which 
has been used for some time,
(2) when voltage is suddenly brought down from a high value to the
threshold voltage, counts are only observed a few seconds after this change 
has taken place.
Further investigation is being carried out on this counter but it now 
appears certain that this type of counter has considerable advantages ever the 
conventional one, since it is rugged and cheap and can be operated with in 
expensive unregulated high voltage supplies.
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